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Factors and criteria for prioritization of GIS
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Introduction and statement of the problem Geographic information systems (GISs) originally emerged to contribute to geography. Eratosthenes, the chief librarian of the Eskandariyeh museum (192-234 B.C.) , coined the term "geography" (Martin, 2005) . Tomlinson (1998) coined the term "GIS" in the early 1960s to refer to computer programs that operate by means of geographical and geospatial data (Wade and Sommer, 2006) . As more and more GIS researchers applied these programs as a tool in their research, a wide range of scientific questions, methods and GIS-related knowledge was generated (Goodchild, 1992) . Waters (2003) originally introduced the term "GIS" into the Encyclopedia of the Library and Information Sciences. Franklin (1992, p. 12) defined GIS briefly as "a computer system designed for collecting, storing, retrieving, processing and displaying geospatial data". As the definitions might imply, the GISs rely on geospatial data. The areas in which the GIS can be applied are as follows: resource management, land use planning, defence, welfare services, environmental purification, demographic analysis, marketing, spatial evaluation, effects of sales and competition, prediction, re-processing, media planning and exploitation, customer satisfaction and warehouse control and financial management (Coyle, 2011) .
GIS applications are rapidly expanding; thus, presenting a comprehensive view is difficult. In this sense, GIS has provided a plethora of opportunities for its various applications in different fields. It has also made an impact on the field of library and information sciences (LIS) in different ways. A recent review of the existing related literature by Michalec and Welsh (2007) showed that the number of the LIS articles related to the GIS or geospatial data are increasing. They made use of these two terms to find full-text articles in the Library, Information Science, and Technology Abstracts (LISTA) database and found 146 articles. This study provided an overview regarding the study of the article publication patterns in LIS which included the two aforementioned terms. Even a number of texts have been published considering the GIS implementation in libraries, per Donnelly (2010) and Abresch et al. (2008) . In academic libraries, in addition to traditional printed planography sources, geographical libraries collect, publish and use geographical data (Weimer and Reehling, 2006) . In response to the growing demand from the GIS librarians, the American Libraries Association's Map and Geography Education Committee Round Table ( MAGERT) developed a set of major criteria for this type of information professional (Weimer and Reehling, 2006) . Xia (2004a) conceived the benefits of the GIS in LIS studies as an underlying reason for its application. These benefits include the provided maps which present more information than mere table and texts in general, and allow librarians to analyse the library's services in particular. Transferring GIS software from the central processing computers to PCs has led to a considerable decrease in expenditures and easier access to the market. More developments in the applicability of this type of system have made it accessible for use by librarians (Donnelly, 2010) . The application of the GIS in LIS studies is gradually developing. A review by Bishop and Mandel (2010) demonstrated the development of the application of the GISs in library research.
GIS has various innovative applications in managing libraries and information centres including: the libraries interior space; designing libraries and information centres; collection building (selecting books); site selection; building a new library; predicting the survey location (locating libraries in the coming years); organizing documents and map databases; providing geographical catalogues for books, archives EL 33,2 and online library guides; library services marketing; and numerous other potential and real applications.
GISs have been introduced as a tool for displaying the data of the LIS studies graphically. These data can serve as the demographic information of library users which are employed for easier library design (Adkins and Sturges, 2004; Hertel and Sprague, 2007; Preiser and Wang, 2006) . In addition, they can include the data which are used in the interior space of the library (Xia, 2004a (Xia, , 2004b (Xia, , 2005 .
As the literature suggests, the growing use of this system is obvious in the analysis and management of libraries and information centre activities. Hence, utilizing this system is recommended to libraries and it is well worth expending the necessary time, energy, expenditures and human resources. GIS technology is efficient and economical for managing facilities, and useful for analysing the geospatial data for the library. To this end, the main interest of the current study was identifying and ranking the factors for choosing libraries and information centres and, consequently, prioritizing several types of libraries to implement the GISs from the viewpoint of experts and professors in both fields of geography and LIS. These criteria would hopefully contribute to choosing more appropriate libraries to implement the GIS and geospatial data analysis. It might also lead to more efficient and optimal use and management of this system in libraries. The present study did not concern itself with implementing GIS in any type of library, but instead prioritization was used to clarify the importance of different libraries for utilizing it. In this way, those libraries which it would be worth spending time, energy and expenditure are identified with regard to utilizing the GIS in interior-space library studies.
Literature review
With regard to the GIS applications in libraries, a variety of writings have been done since 1992. Several studies have been conducted since 2005 which are briefly reviewed below, literature prior to 2004 was not reviewed. Xia (2005) investigated the use of study spaces in MacKimmie Library at Calgary University which aimed at evaluating the sources and facilities of the reading hall through applying the GIS. It was revealed that the MacKimmie library users intended to use the private spaces and individual desks more. Similarly, DeVoe (2006) and Molyneux (2006) discussed the potential of the GIS for developing the collection according to maps of the library areas. In another study at Yale University, Parrish (2006) pointed out that the GIS, along with other services of the library reference, would lead to a significant decrease in the time spent by users and an increase in the efficiency and effectiveness of them. Colorado State Library (2006) succeeded in conducting a wide range of projects using the GIS. In this state, the network and sharing of the Colorado State Library with the other public libraries were used to design GIS mapping projects which represented the library users' distribution related to geographical features. Moreover, several local services can be presented by allocating codes to the library users' addresses through the GIS. This enhanced the efficiency of the library branches and it is widely used (Preiser and Wang, 2006) . In another study by Hertel and Sprague (2007) , they used demographic information to plan the building of new libraries. Sedighi (2008) used all the existing data including Persian and English theses, conference articles, journal articles, reports and so forth, which have already been organized and sorted out. In this study, users were able to see the descriptive information of the documents and receive a map of the region under the study by
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Factors and criteria for prioritization of GIS clicking on the pertinent barcode. Gaus et al. (2008) used the GIS to analyse the library branches which were serving immigrants and the effectiveness of their services on the library branches in Ghent, Belgium. Several recent studies have argued for utilizing the GIS and its modern technology to describe the library users by their demographic information to allocate appropriate sources and services to them (Public Libraries, 2004; Advanced Technology Libraries, 2005; Futterman, 2008) . Bishop (2008) investigated the distance between the libraries in a specific region through the GIS to market library services and calculated that it took a longer time for patrons to get to one of the library branches. It was also shown that the library branches in that region did not have an appropriate distribution. Similarly, Venuda (2005a Venuda ( , 2005b and Franqueville (2000) discussed the advantages of GIS as a tool for marketing. Koontz et al. (2009) investigated the underlying reasons for closing some of the public libraries services. They analysed and compared the geographical regions around the public libraries demographically and socio-economically, and found that a number of factors caused the libraries' closure, including: not using them, decreases in the budget, an increase in poverty and a growing decrease in the number of local educated users, which all led to lowering the library facilities and services, and closing some services for potential users. The results of another study revealed that some users made use of the library services virtually (Mon et al., 2009) . These maps were depicted using their Internet Protocol addresses, e-mail services and online chatting.
Mandel (2010a) also used the GIS in intra-library research. He maintained that researchers in the field of LIS can apply it for analysing and displaying library data: for example, the seats where the users sit, read, gather and use other facilities of the library. In another study, Mandel (2010b) analysed the users' entrance to public libraries in general and the users' entrance to a public library in South Florida in particular, through the GIS. In this way, the map included the frequency of use for most pathways to the library entrance. Park (2011) obtained a better understanding of users' trips to libraries, activities, demographic statistics and other factors which would influence access to the library. By analysing people's daily trips, the study provided a model of the patterns and, thus, some solutions for user access to the library. Moreover, Park (2012) made an attempt to develop a new tool for measuring trips which would allow for measuring the distance and length of the trips precisely.
Sedighi (2012) dealt with the application of the GIS as a supportive decision-making tool in analysing geospatial data of database usage in an academic library. The results demonstrated that databases should be prepared to answer proposed questions by users through the functions of analysing the system, as well as a variety of other applied and logical programs. The obtained results would be extremely valuable for decisionmaking and planning in the libraries of academic and research centres.
Purposes of research
• Identify the factors determining library type for the GISs utilization.
• Determining the extent of significance and prioritizing the factors which make an impact on choosing the type of libraries and information centres to implement the GIS system in various libraries.
• Identify the library types in relation to the determining factors according to priority. EL 33,2
Research questions
RQ1. What are the factors for determining the library type for the GIS utilization?
RQ2. To what extent are the determined factors used for choosing the library types for the GIS utilization?
RQ3. Which library type is more preferred for the GIS utilization: public, academic, institutional, professional, special or children's library?
Methodology
A combination of documentary, Delphi, and analytical methods were used in the current study. Bearing the interdisciplinary nature of the topic in mind, different dimensions of the issue were, firstly, identified through literature review. After studying the texts, the researchers extracted 32 factors. Then, the Delphi technique was used to confirm and finalize the factors for choosing the library. A Delphi panel was conducted among the librarian and GIS experts. They were faculty members and others who had sufficient experience with GIS. The criteria were sent to them two times. The second time, they were asked to answer according to the average of the other colleagues' answers. The extracted factors were classified into six criteria through designing the questionnaire in two two-way stages. Table I displays the texts used for the tentative choosing of the factors and criteria. Table II illustrates the answer to the first research question "What are the factors on choosing the library type and information science centres in order to implement geographic information systems?" As it can be seen, "access to the sources", "being active", "number of sources", "size and space of the place", "library equipment" and "compatibility" criteria include eight, seven, five, five, two and five factors, respectively. Five library types were recommended by the Delphi panel members and they prioritized the library types for the GIS utilization. After finalizing the six criteria, a 16-item questionnaire was sent to members. After data collection, the data were analysed by means of the hierarchy-process and Topsis methods. 
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Findings
This section presents the findings obtained from the hierarchy-process and Topsis data analysis for prioritizing the libraries based on six determined criteria. The answer to the research questions are provided in the current tables. According to Table III, the data in vertical and horizontal columns are the same (it is a matrix). The criteria have been paired in one point -the results of paired comparison of the criteria are normalized in Table IV . Following the collection of the questionnaires and feeding the data into an Excel spreadsheet, the relative weight of all six criteria were calculated based on the matrix in Table III .
After determining the data matrix, normalizing the data was done. Table IV illustrates the results. To ensure normalizing, the number of each cell was divided into the total number of each column. Table IV shows the total of each matrix row was calculated and the final weight of the criteria was obtained for the responses to the second research question, "To what extent are the determined factors used for choosing the library types for GIS utilization?". In this way, the effective criteria on choosing the library were identified as access to the library, being active and number of the sources, size and space of the place, library equipment and compatibility with values of 0.39, 0.24, 0.16, 0.08, 0.07 and 0.06, respectively.
To prioritize the libraries for implementing the GIS services, the data elicited through the questionnaire, item number six, were used in which the experts were asked to give five types of libraries including public, academic, special, children's and institutional, a score between 1 and 20 in terms of the six aforementioned criteria. Here, the results are presented based on the Topsis technique. The Topsis method was proposed by Hwang and Yoon (1981) in 1981. It is based on the concept that the chosen option (or alternative) should be the closest one to the ideal positive solution and the farthest one to the ideal negative solution. In this method, m number of options (or alternatives) is evaluated by means of n number of criteria and each problem can be considered as a geometrical system including n number of dots in an n-dimensional space.
In this method, the decision-making matrix is evaluated including m number of options (or alternatives) and n number of indices. In Table V , the decision-making matrix includes five options (or alternatives) and six indices (criteria). The value of each cell was obtained through calculating the given scores by 15 professors and experts.
In this method, the decision-making matrix is evaluated which include m options (or alternatives) and n indices. Then, the following formula was used:
In this formula, Xij has a numeric value obtained from I option or is itself as J indices. In this step, the present scale has become non-scaled in the decision matrix Table III shows that size and space of the library has the most role (4.50) in access to the sources, equipment (4.18) in criteria of being active and similarly in size and space the library (2.11). Equipment has also the most role in the equipment and compatibility (indices)
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Factors and criteria for prioritization of GIS Table VI . Then, the weight of each index was calculated (see Table VII ) considering the results of hierarchy analysis in the matrix of Table VI . After weighing matrix and multiplying it by normalized decision-making matrix, the criterion matrix was obtained (see Table VIII ). Five library types recommended to the Delphi panel members, as seen below, were prioritized for the GIS utilization and they chose the academic library.
Then, the positive and negative ideal options (or alternatives) were selected through the following formula: 
Indeed, two made virtual options are the best and worst solutions. In the above formula, the V matrix is a balanced non-scaled and the Js are the scales. In the next step, the interval between each n-dimensional positive and negative ideal option (or alternative) was calculated through Euclidean interval calculation method:
The calculated interval for each option (or alternative) (library) through positive and negative solutions are presented in Table IX . The proximity extent to the ideal solution was calculated through the following formula: 
According to the above formula, academic libraries were ranked as the first one in terms of the aforementioned criteria. The result of calculation for academic library was (C2 ϭ 0.9841), institutional library (C5 ϭ 0.2065), special library (C4 ϭ 0.1585), public library (C1 ϭ 0.1328) and children's library (C3 ϭ 0.1224). This result is a response to the third research question, "Which library type is more preferred for implementing geographic information systems: public, academic, institutional, professional, special, or children's library?", the findings indicated that the academic library was ranked as the first one for implementing the GIS with institutional, special, public and children's libraries ranked to the lowest, respectively.
Discussion and conclusion
The research findings revealed six criteria for prioritizing the libraries to utilize GIS in library research which are ranked in terms of their significance as follows: access to the library, being active and number of sources, size and space of the place, library equipment and compatibility. Accordingly, academic, institutional, special, public and children's libraries were ranked from high to low, respectively, for implementing and utilizing the GISs in library research.
Making use of the GIS technology in library research is developing. A recent review study demonstrated that these applications are increasing (Bishop and Mandel, 2010) . Despite the large number of published articles in this discipline, no study has been conducted to identify and rank the criteria for choosing appropriate libraries for conducting GIS projects and for prioritizing the libraries in terms of these factors. However, some attempts have been made to reveal some relevant aspects. For instance, Dehghani-Sanig and Mahmoodi (2011) strived to identify and rank the criteria for selecting libraries.
Lots of studies have been conducted considering the GIS applications in libraries; nonetheless, they mostly pointed to the potential of the GIS application in libraries and evaluation of library services, but did not touch upon the issue of choosing appropriate libraries for utilizing the GIS. Based on the findings of this research, the relevant indices and factors are implied in the reported studies (for example, see Donnelly, 2010) . However, no study has been conducted or reported regarding the optimal utilization of GIS in library research through identifying all these factors and indices, and eliciting experts' insights in considering ranking and prioritizing the libraries. The researchers hope that the current study will be the starting point for utilizing the GIS technology in the libraries in Iran and will contribute to selecting which libraries to start with when conducting the GIS projects in LIS research all over the world.
Nowadays, due to a lack of more precise sources, the prioritization from the current study might be applied for implementing the GIS. Moreover, the determined indices and factors can be applied to prioritizing several libraries of different types according to their weight. Nevertheless, this method should be applied taking the experts from both fields of the LIS and geography into account. It should also be considered that utilizing this technology in the field of LIS has recently begun in Iran. Hence, there might be slight differences among the insights of Iranian experts
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Factors and criteria for prioritization of GIS and those of other countries with regard to the growth, development and application of the GIS. Nonetheless, this issue would, by no means, challenge the validity of the results of the current study. Contrarily, it highlights the significance of doing further research.
Suggestions for further research
For completion of the current study, it is recommended to extract indices and factors from the current study to send them to professors in other countries, particularly those who have been using this technology in libraries for more than two decades to gather their insights for designing a standard international checklist for choosing libraries and information centres to determine research preferences for the GIS projects. Such a checklist would hopefully give rise to a plethora of studies all around the world and research in the field would become more organized. The possibility of distributing the designed questionnaire to more LIS experts to obtain more data to analyse is highly recommended. 
